Sex hormones promote immunoregulatory effects on multiple sclerosis. In the current study we evaluated the composition of the gut microbiota and the mucosal-associated regulatory cells in estrogen or sham treated female mice before and after autoimmune encephalomyelitis (EAE) induction. Treatment with pregnancy levels of estrogen induces changes in the composition and diversity of gut microbiota. Additionally, estrogen prevents EAE-associated changes in the gut microbiota and might promote the enrichment of bacteria that are associated with immune regulation. Our results point to a possible cross-talk between the sex hormones and the gut microbiota, which could promote neuroprotection.
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Introduction
Multiple sclerosis (MS) is a chronic, immune-mediated demyelinating disease of the central nervous system (CNS) (Sospedra and Martin, 2005; Steinman, 2001) . MS exhibits a distinct female predominance similar to a majority of human autoimmune diseases. However, women with MS often experience clinical improvement during pregnancy, indicating that sex hormones might have a therapeutic effect in MS. Although sex hormones are involved in regulating the immune response, the relevant mechanisms are poorly understood.
Previously, we demonstrated that 17β-estradiol (E2) mediated protection against EAE was dependent on the presence of IL-10 and programed death ligand 1 (PDL1) expressing regulatory B cells (Bregs), which were increased with E2 treatment in spleen, spinal cord and brain (Bodhankar et al., 2013; Bodhankar and Offner, 2011; Bodhankar et al., 2012; Bodhankar et al., 2011; Zhang et al., 2015a; Zhang et al., 2015b) . We further showed that E2 treatment induced regulatory and anti-inflammatory macrophages and microglia.
A growing number of studies have demonstrated that the gut microbiota plays a critical role in shaping the immune system (Palm et al., 2015) . For instance, commensal microbes can stimulate T cells responses that are important for host defense against enteric pathogens, yet may also drive local or systemic tissue damage (Haghikia et al., 2015; Ivanov et al., 2008; Maeda et al., 2016; Tan et al., 2016) . On the other hand, the microbiota can elicit immune regulatory responses that promote immune homeostasis. The balance of these interactions has been shown to affect the pathogenesis of several auto-immune diseases, including multiple sclerosis (Berer et al., 2011; Erny et al., 2015; Lee et al., 2011; Mielcarz and Kasper, 2015; Ochoa-Reparaz and Kasper, 2014; Wang et al., 2014a) .
Several factors, including diet, are thought to shape the gut microbiota-immune axis. It was reported that fatty acids that are metabolized by gut microbiota could affect the course of EAE; long-chain fatty acids were shown to enhance Th1 and Th17 cell responses and exacerbate EAE, whereas short-chain fatty acids were shown to promote regulatory T cell responses and ameliorate EAE (Haghikia et al., 2015) .
Recent studies also demonstrated that sex hormones either impact the gut microbiota or could be affected by it. In addition to the differences in gut microbiota composition between males and females, different levels of these hormones within each sex could affect the microbiota and thus the immune response (Gomez et al., 2015) . Herein, we evaluated the effect of estrogen treatment before and during EAE on 
